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Abstract of RU21 05084 

FIELD: corrosion protection. SUBSTANCE: method of protecting metals, e. g. zirconium, against 
oxidation may find use in all mechanical engineering branches, including protection of fuel element 
cans In nuclear reactors. Metal part is cooled by liquid nitrogen and surface of part is consecutively 
site-by-site melted by laser beam. Into melting zone, mixture of liquid nitrogen and argon is fed to form 
metal nitride film on the part surface, regularity and thickness of coating being controlled. EFFECT: 
improved procedure. 4 cl, 2 dwgr 
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(54) CnOCOB OEflOPOBA JI.E. 3AL14MTbl METAJIJIOB OT OKHCJlEhMfl 

(57) PecjsepaT: 

Cnocoo" 3aL4HTbi ivieTannoB, Hanpniviep 

I4HPKOHMA, OT OKMCJieHUfl M0>K6T 6"blTb 

Mcnorib30BaH bo Bcex OTpacnax 

MaiUHHOCTpoeHL/lfl, B TM. f\T\9\ SaU^I/IIbl o6oriOHeK 

TennoBbiflerisjoLL^nx oneivieHTOB aflepHbix 
peaKTopoB. l/l3Aenne H3 MeTanna oxna>KflaK)T 

>KHAKMM a30TOM. l~IOBepXHOCTb M3AeJlMfl 

nocrieAOBaTeribHO nponnaBnflioT no yMacTKaM 
nyMOM na3epa. B 30Hy nponriaBneHna noAaioT 
ciwecb >KMAKoro a30Ta v\ aproHa v\ nonynaioT Ha 
noBepxHOCTM n3AeJina nneHKy HUTpnAa 
MeTanna. PaBHOMepHOCTb m Tonu^nHy noKpbiTna 
KOHTponnpyjoT. 3 3.n. 4)-nbi ; 2 v\n. 
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ripeflnaraeMoe n3o6peTeHne othochtca k 

TeXHOJIOrUM COSflaHMfl 3aLHHTHblX nOKpblTHM 

noBepxHOCTH MeTannnnecKnx M3fle.ni/iw, 
Hanpi/iMep H3 cnnaBa 141/ipKOHHfl (Zr), h MO>KeT 
6biTb npuMeHeHO, HanpMMep, b aTOMHotf 
npoMbiLuneHHOCTH fln?i oo"onoHeK 
TennoBbiflerifiK3LLJ 1 nx sneMeHTOB noepHbix 
peaKTopoB. 

M3BecTeH cnocoo" 3ai_i4WTbi TyronnaBKHx 
MeTannoB ot OKMcneHWfl, BKJifOHafOLHnw 
cjoopMMpoBaHne 3aii4MTHOM TpexcnoMHOM nnaBKH 

COOTBeTCTBeHHO H3 CHJlHI^Mfla MOJ1M6fleHa 

(Mo 5Si 3 ), L\npKOHa (Zr0 2 *Si0 2 ) n fluoKCMfla 
I4HPKOHM5R c flo6aBKaMM 320 3 , rfle 3 - y , La, 
Se [1]. 

3tot cnocoS TexHonorMHecKH cno>KeH v\ He 
o6ecneHMBaeT npoHHoro ci^enneHMfl 
CCjDOpMUpOBaHHOM nneHKM c noBepxHOCTbto 
o6onoHeK, Hanpniviep M3 lihpkohhs (Zr). 

Han6onee 6jih3kmm aHanoroM-npoTOTwnoM 
ABrmeTCfl cnocoo" noBepxHOCTHofi 3ai_i4HTbi 

MeTanJll/IHeCKMX H3fleilHM, B HaCTHOCTM 1/13 

i^upKOHMfl h ero cnnaBOB [2], BKnionaioLnnCi 
TennoBoe BosfleCicTBi/ie Ha o6pa6aTbiBaeivioe 
M3flenne m cjDopMnpoBaHne Ha ero noBepxHOCTH 

3aLL^HTHOrO nOKpblTH?! Cf)H3l/1KO-XHMHHeCKMM 

B3anMOfletiGTBneivi MeTanna M3flennfl \a cpeflbi, b 
kotopom M3Aejine o6pa6aTbiBaK)T. 

flaHHbiM cnoco6 TaioKe TexHonornnecKH 
cnoxeH i/i He oSecneHMBaeT npoHHoro 
ci^enneHUfl HaHeceHHoro noKpbiTna c 
noBepxHOCTbK) 3aLL^MU^aeMoro M3flenn?i, 
Hanpniviep H3 mipKOHMfl. 

CymHOCTb npeflnaraeivioro n3o6peTeHnn 
coctout b tom, hto b cnocob"e 3ai_L4HTbl 
MeTannoB ot OKi/icneHMfl, BKHhonahomeM 
TennoBoe B03fleficTBi/ie Ha o6pao"aTbiBaeMoe 
M3flejine us MeTanna h cfcopMnpoBaHHe 
3aLi^MTHoro noKpbiTna Ha noBepxHOCTH n3fleriMfi 

0H3MKO-XMMHHeCKHM B3aHMOfleMCTBl/ieM cpeflbi, 

b kotopom M3flenne oo~pab~aTbiBaK>T, n MeTanna 
M3flennfl, H3flenne oxna>KflaK)T >khakhm a30TOM, 
a flna cpopMwpoBaHi/m noKpbiTi/is 
nocneflOBaTenbHO nponnaBnaioT Bee ynacTKH 
noBepxHOCTM H3flennfl, HanpuMep nynoM 
na3epa, b 30Hy nponnaBneHMfl noflaioT CMecb 
>KMflKoro a30Ta n MHepTHoro rasa h b 
pe3ynbTaTe B3anMOfleCicTBMa a30Ta n MeTanna 
Ha noBepxHOCTH H3fleni/ia co3flaK)T b 30He 
nponnaBneHHH nneHKy HHTpi/ifla 3Toro MeTanna, 
nonynaiR 3au^MTHoe noKpbiTMe Ha Bcew 
noBepxHOCTH H3fleni/m, npH stom KOHTponnpyfOT 
paBHOMepHOCTb n TonmHHy nonynaeMoro 

nOKpblTMSR. 

ripn 3tom noBepxHOCTb oxna>KflafOT flo 
Hanana B03flePicTBna nyna na3epa i/i 
npoflonxatoT oxna>KfleHi/ie BnnoTb flo 
npeKpameHna ero B03flewcTBHfl, B03flewcTBMe 
nynoM na3epa noBTopafOT flo nonyHeHi/m 
paBHOMepHoro noKpbiTi/m 3an,aHHoCi Tonu_|MHbi, 
3au^MLnaK3T M3flenne H3 cnnaBa m/ipKOHi/m, a b 
KanecTBe HHepTHoro ra3a npwMeHSfOT aproH. 

l~lpeflno>KeHHbiw cnoco6 o6ecnennBaeT 
B03MO>KHOCTb oo"pa30BaHi/m Ha noBepxHOCTM 
MeTannnnecKnx nsflenkiPi, HanpMMep M3 
i4npKOHM?i n ero cnnaBOB, npoHHoro 
paBHOMepHoro noKpbiTMfl 3aflaHHoCi Tonu4MHbi, 
o6naflaHDinero bwcokhm aflre3MBHbiM 
B3anMOflei?icTBneM c saiJj.MLnaeMOL?! 

noBepxHOCTbto, a KpoMe Toro, He HapyiuaK)LL|ero 
0yHKi4HOHanbHbix xapaKTepucTHK 3aL4nu^aeMbix 
M3flennM, HanpMMep, TpeGyeMbix xapaKTepucTHK 
nponycKaHMfi HeMTpoHOB b TennoBbiflenflfoiUMX 
sneMeHTax sflepHbix peafcropoB. 

flpHMep peann3ai4nn npeflno>KeHHoro 



cnocoSa 3amMTbi MeTannoB ot OKHcneHMfl 
wnnfocTpupyeT c|Dnr. 1, Ha kotopom noKa3aHa 
cxeMa ycTpowcTBa Ana ocymecTBneHMfi flaHHoro 
cnoco6a, n cfinr.2, Ha kotopom npuBefleHa 
cjDOTorpacjDUfi cpe3a noBepxHOCTH Tpy6bi M3 

5 cnnaBa "u,mpkohhm 1", saLL^nu^eHHoPi oGonoHKOM, 
nonyMeHHoCi npn McnonbsoBaHnn 

npeflno>KeHHoro cnoco6a. 

ycTpoMCTBO flna ocyu^ecTBneHMn 
npeflno>KeHHoro cnocoGa 3aLL\MTbi MeTannoB 

1Q coflep>KHT MexaHM3M 1, BbinonHeHHbiM b BMfle, 
HanpMMep, cynnopTa c aneKTponpuBOflOM (Ha 
nepTe>Ke He noKa3aH) n o6ecneHHBaK3ii^MM 
perynnpyeMoe BpamaTenbHO-nocTynaTenbHoe 
ABM>KeHne o6pa6aTbiBaeMoro M3flenn?i 2 b 
BbinonHeHHOM b BUfle MeTannnHecKoro KO>Kyxa 

75 3aii4HTHOM K3Mepe 3, B KOTOpOM npOH3BOfl5RT 

o6pa6oTKy M3flenn?i 2, noflBOflamne nepe3 
cnei^nanbHbie OTBepcTMfl b KO>Kyxe 3au_^MTHOM 
KaMepbi 3 (Ha nepTewe He o6o3HaneHbi) b 30Hy 4 
o6pa6oTKM aproH n >khaki/iw a30T TpySonpoBOflbi 
5 m 6 COOTBeTCTBeHHO, a TaioKe na3ep 7, 
20 npeflHasHaneHHbiM flna co3flaHna 

BbicoKO-SHepreTunecKoro TennoBoro nyna, 
noflaBaeMoro b 30Hy 4 o6pa6oTKM nepe3 flpyroe 
cnei4nanbHoe OTBepcTue (Ha HepTeKe He 
o6o3HaneHo). KpoMe Toro, ycTpoMCTBO 

COflep>KHT KOHTaKTHblM 6aujMaK 8, 

25 ycTaHOBneHHbiPi b KaMepe 3 w cny>Kau4MM 
onopoM flnfl o6pa6aTbiBaeMoro M3flenna 2 m 
TennooTBOflOM, w TennoM3onflu,noHHbiM KO>Kyx 9. 
BbiBOfl 10 b KaMepe 3 npeflHa3HaneH flnfl cni/iBa 
>KHflKoro a30Ta. KpoMe Toro, b cocTaB 

3Q yCTpOPlCTBa BXOflUT MUKpOCKOn 1 1 , 

npeflHasHaneHHbiM fln?i KOHTpons TonmnHbi n 

paBHOMepHOCTH CjOOpMUpOBaHMFl 3aLHHTHOrO 

noKpbiTna. 

YcTpoPicTBO paSoTaeT cneflyK)U4MM o6pa30M. 
l~loflne>KaLiJ l ee o6pa6oTKe W3fleni/ie 2, 
35 HanpMMep Tpy6Ka H3 cnnaBa "14HPKOHHM 1", 
saKpennafOT Ha flep>KaBKe (Ha nepTe>Ke He 
o6o3HaneHa) MexaHH3Ma 1 m bboa?it b 
3ai_i_^HTHyK) KaMepy 3. Hepe3 Tpy6onpoBOfl 6 b 
KaMepy 3 noflahOT >kmakhm a30T (TeMnepaTypoM 

-196°C), oxna>KflafOLHnfi Hapy>KHyfo, a flnfi 
40 6"onee nonHoro oxna>KfleHH5q m BHyTpeHHKDfo 
noBepxHOCTH M3flenna 2. no Tpy6onpoBOfly 5 
noflaHDT aproH, KOTopbiM 3a MecTOM coeflMHeHMfl 
Tpy6onpoBOfla 5 c Tpy6onpoBOflOM 6 

CMeiJJMBafOT C >KMflKHM aSOTOM, HT06bl B 3QHy 4 

45 o6pa6oTKM nocTynana CMecb aproHa c >kmakmm 

a30TOM. CoOTHOLLieHMe KOMnOHeHTOB 3TOPi 

CMecu BbiGwpaiOT paBHbiM (10-50)% aproHa n 
COOTBeTCTBeHHO (50-90)% a30Ta. 

3aTeM nynoM nasepa 7 npoM3BOfl5iT 
nponnaBneHne cnosq noBepxHOCTM 

go o6pa6aTbiBaeMoro M3flennfl. I~lpn stom c 
pacnnaBneHHbiM cnoeM MeTanna 

B3anMOfleCicTByeT HaxoflflLL^HMCfl b 30He 4 
o6pa6oTKM a30T, KOTopbm o6pa3yeT HUTpi^ifl 
I4MPKOHHJ1 (ZrN), cosflafOLUUM Ha 
o6pa6aTbiBaeMofi noBepxHOCTM b aTMOcct)epe 

55 aproHa npoHHyfo 3amnTHyK) nneHKy. JlynoM 
na3epa 7 npoM3BOfl^T CKaHnpoBaHne 
3amnLL\aeMOM noBepxHOCTH H3flenna 2, nns nero 
sto n3Aenne c noMombfo MexaHM3Ma 1 BpamaKOT 
n nepeMemaroT. 

TonmnHa sau^MTHOM nneHKH 3aBMCkiT ot 

60 rny6nHbi nponnaBneHun, KOTopyto o6bNHO 
Bbi6npafOT paBHOM 5-15 mk, nosTOMy flnn 
nonyneHWfl 3ai_i4MTHOM nneHKM TpeSyeMOM 
Tonii4MHbi wnn yBenMHUBaroT BpeM5R B03fleMCTBM^ 
nyna na3epa 7, v\nv\ noBTopsK)T CKaHnpoBaHne 
3tmm nynoM o6pa6aTbiBaeMOkl noBepxHOCTM. 
PaccMOTpeHwe npuBefleHHoPi Ha dpwr.2 



cf)OTorpac|DMH cpe3a noBepxHOCTM, 3amnmeHHofi 
nonyneHHOM yKa3aHHbiM cnoco6oM, noKa3biBaeT, 
hto MUKpocTpyKTypa 3aLL^HTHOM nneHKM (ZrN) 
cyu^ecTBeHHO Menbne m h KpocT py KTy p bi 
MaTepnana 3amnmaeMoro H3Aeni/ifl n b to >Ke 
Bpeivm 3Ta nneHKa BHeflpeHa b wiaTepnan, hto 
CBMfleTejibCTByeT n o npoHHOCTH 3ainnTHoCi 
nneHKH, v\ o BbicoKofi aAre3MOHHOCTH ee 
coeAHHei-ii/m c 3aLi4MU4aeMbiM M3flenMeM. 

cbopwiyna i/i3o6peTeHi/ifl: 

1. Cnoco6 OeflopoBa Jl.E. 3au4MTbi MeTannoB 
ot OKMcneHM^, BHJifOHafoiUMM TennoBoe 
B03AeMCTBne Ha o6pa6aTbiBaeMoe M3Aenne M3 
MeTanna n cjDopMnpoBaHne 3au4HTHoro 
noKpbiTMfi Ha noBepxHOCTH H3Aeni/m 

0H3MKO-XMMMHeCKMM B3aHMOASMCTBHeM CpeAbl, 

b kotopom M3Aenwe oo"pa6aTbiBaK3T, n MeTanna 
M3Aennfl, OTnuHaraLi^MMCfl TeM, hto H3Aenne 
oxna>KAaK)T >khaki/im a30TOM, a Ana 
4)opMMpoBaHnn noKpbiTMfl nocneAOBaTenbHO 
nponnaBnaioT Bee ynacTKH noBepxHOCTH 



M3Aenna, HanpuMep, nynoM nasepa, b 30Hy 
nponnaBneHu^ noAaioT civiecb >KHAKoro a30Ta v\ 
HHepTHoro ra3a m b pe3ynbTaTe 
B3anMOAewcTBHfi a30Ta n MeTanna Ha 
noBepxHOCTH M3Aeni/ifl co3AanDT b 30He 
5 nponnaBneHUfl nneHKy HMTpnAa 3Toro MeTanna, 
nonynaa 3aLHMTHoe noKpbiTue Ha BcePi 
noBepxHOCTH H3Aennfl, npn stom KOHTponnpyioT 
paBHOMepHOCTb m TonmnHy nonynaeMoro 

nOKpblTHfl. 

1Q 2. Cnocoo" no n.1, OTnnHaK3U4MMCfl TeM, hto 

noBepxHOCTb oxna>KAafOT ao Hanana 
B03AeMCTBH?i nyna na3epa v\ npoAonwafOT 
oxna>KA©Hne BnnoTb ao npeKpaLAeHwa 

B03AeMCTBHfl. 

3. Cnocoo" no n.1 i/inn 2, OTnnnaK)LHHMCfl TeM, 
75 hto B03AeMCTBne nynoM na3epa noBTopafOT ao 

nonyneHna paBHOMepHoro noKpbiTna 3aAaHHoPi 

TOnLL^MHbl. 

4. Cnocoo" no n.3, OTnuHaraLAMMCfl TeM, hto 
3aii4nmafOT M3Aenne H3 cnnaBa l^pkohha, a b 
KanecTBe HHepTHoro ra3a npMMeHaroT aproH. 
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